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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable high speed high 
sensitivity moving image photographing and wide 
dynamic range low noise still image photographing by 
using one imaging device. 

SOLUTION: A plurality of picture elements are provided 
which comprise; a photodiode PD for converting optical 
energy to an electric signal; MOS transistors M6, M7 
which are connected with the photodiode PD and in 
which the electric signal outputted from the photodiode 
PD is inputted; and a MOS transistor M3 arranged 
between the photodiode PD and the MOS transistor M7 
or a MOS transistor M2 and the MOS transistor M3 
which are arranged between the photodiode PD and the 
MOS transistor M6 and between the photodiode PD and 
the MOS transistor M7, respectively. 



4? 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]An image sensor comprising provided with two or more pixels; 
A photoelectric conversion means which transforms light energy into an electrical signal. 
Said electrical signal which is electrically connected with said photoelectric conversion means, 
and is outputted from said photoelectric conversion means a pixel including the 1st and 2nd 
amplifying means inputted between two or more preparations, said photoelectric conversion 
means, said 1st [ the ], or said 2nd amplifying means, Or a switching means established, 
respectively between said photoelectric conversion means, said 1st [the ], and said 2nd 
amplifying means. 

[Claim 2]In the image sensor according to claim 1, said switching means, An image sensor which 
is formed between said photoelectric conversion means, said 1st [ the ], or said 2nd amplifying 
means, turns off said switching means at the time of the 1st image taking mode, and is 
characterized by making said switching means one at the time of the 2nd image taking mode. 
[Claim 3]In the image sensor according to claim 1, said switching means, It is provided, 
respectively between said photoelectric conversion means, said 1st [the ], and said 2nd 
amplifying means, and at the time of the 1st image taking mode. An image sensor making one a 
switching means established between said photoelectric conversion means and said 1st 
amplifying means, and making a switching means established between said photoelectric 
conversion means and said 2nd amplifying means the one at the time of the 2nd image taking 
mode. 

[Claim 4]An image sensor, wherein said 1st image taking mode is high sensitivity mode in the 
image sensor according to claim 2 or 3 and said 2nd image taking mode is the normal mode. 
[Claim 5]An image sensor, wherein said 1st image taking mode is animation mode in the image 
sensor according to claim 2 or 3 and said 2nd image taking mode is still picture mode. 
[Claim 6]An image sensor which said 1st and 2nd amplifying means are insulated gate field effect 
transistors in an image sensor given in any 1 paragraph of Claim 1 thru/or Claim 5, and is 
characterized by inputting said electrical signal into a gate electrode of said insulated gate field 
effect transistor. 

[Claim 7]An image sensor, wherein said insulated gate field effect transistor forms source 
follower amplifier in the image sensor according to claim 6. 

[Claim 8]An image sensor characterized by area of a gate electrode of an insulated gate field 
effect transistor of said 1st amplifying means being smaller than area of a gate electrode of an 
insulated gate field effect transistor of said 2nd amplifying means in the image sensor according 
to claim 6 or 7. 

[Claim 9]An image sensor which said 1st and 2nd amplifying means have a charge storage part, 
and is characterized by capacity of a charge storage part of said 1st amplifying means being 
smaller than capacity of a charge storage part of said 2nd amplifying means in the image sensor 
according to claim 8. 

[Claim 10]An image sensor having a transfer switch means and capacity between said 
photoelectric conversion means and said switching means in an image sensor of a description in 



any 1 paragraph of Claims 1-9. 

[Claim 11]A radiation imaging apparatus comprising: 

An imaging device which has arranged two or more image sensors of a description in any 1 
paragraph of Claims 1-10, and formed them in it. 
A scintillator which changes radiation into light. 

[Claim 12] A radiation imaging apparatus, wherein the radiation imaging apparatus according to 
claim 11 has an actual size optical means of communication between said scintillator and said 
imaging device. 

[Claim 13]A radiation imaging apparatus, wherein said actual size optical means of 
communication has a fiberoptic plate in the radiation imaging apparatus according to claim 12. 
[Claim 14] A radiation imaging system comprising: 

A radiation imaging apparatus given in any 1 paragraph of Claims 11-13. 

A signal processing means which processes a signal from said radiation imaging apparatus. 

A recording device for recording a signal from said signal processing means. 

A displaying means for displaying a signal from said signal processing means, a transmission 

processing means for transmitting a signal from said signal processing means, and a radiation 

source for generating said radiation. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the radiation imaging system using the radiation 
imaging apparatus and it which used the drive method of an image sensor and an image sensor, 
and its image sensor. This invention is used suitably for the drive method of the large area 
radiation (X-rays) imaging device which reads a picture especially using high-energy radiation, 
such as X-rays and a gamma ray, its system, the image sensor which can be used for it, and an 
image sensor. 
[0002] 

[Description of the Prior Art]Digitization is progressing in medical various fields. In the field of 
the X-ray diagnosis, the entering X-rays are changed into visible light by a scintillator 
(fluorescent substance) and I.I. (image intensifier), and the two-dimensional digital X-rays high 
sensitivity fluoroscope which picturizes this light image with a TV camera is developed. 
[0003]There are some which furthermore constituted the system of fluoroscopy (animation) and 
photography (Still Picture Sub-Division) combining this fluoroscopy system and a filming system. 
[0004]As an imaging device of Still Picture Sub-Division, the two-dimensional X ray imaging 
apparatus has been developed. 

[0005]As a two-dimensional X ray imaging apparatus, the small CCD type image sensor is put in 
practical use, for example for dentistries, and the still picture imaging device of Oita who used 
the amorphous silicon (a -Si) of a maximum of 43 cm** is made the object for mammographies, 
and for thorax photography. That it is easy to obtain Oita's thing, the image sensor using the 
amorphous silicon semiconductor on a glass substrate carries out four-sheet tile **** of this 
panel, and has some which have realized Oita's X ray imaging apparatus. As an example of this 
kind of art, US,5315101,B has a thing of a description. 

[0006]There is a proposal which constitutes Oita's X ray imaging apparatus using two or more 
single crystal image sensors (silicon image sensor etc.). As an example of this kind of art, 
US,4323925,B and US, 600591 1,B have a thing of a description. As a single crystal image sensor, 
there are a CCD type image sensor image sensor using silicon, an MOS type, a CMOS type 
image sensor, etc. 

[0007]Thus, in the X-ray-diagnosis field of Medical Science Division which digitization follows, 
the further high-sensitivity-izing of a still picture imaging device and next-generation video 
imaging devices (fluoroscopy etc.) are expected. 

[0008]By the way, the X ray imaging apparatus using an image sensor is provided with the 
fluorescent screen which generates light in response to the X-rays emitted from X line source, 
and the image sensor which picturizes luminescence of a fluorescent screen. In taking a 
photograph using such an X ray imaging apparatus, it irradiates with a little X-rays with little 
influence on a human body in the case of positioning before this photography, and in order to 
photo a picture with a high definition, it irradiates with more powerful X-rays by this 
photography. For this reason, even if some pictures are inferior, a picture with high sensitivity is 
needed, and it is necessary to acquire the picture which has possible bigger gray scale 
representation, and few noises in the case of this photography at the time of positioning. As a 



simple way, there are a method to which an output is applied for a gain in the circuit besides a 
sensor chip, and the method of applying a gain to an output stage within a sensor. However, it is 
also difficult for there to be a demerit that the noise itself generated within a sensor chip by this 
method will be amplified, and to change a dynamic range for every photographing mode. 
[0009] 

[Problem(s) to be Solved by the Invention](The 1st SUBJECT) In the X-ray-diagnosis field 
mentioned above, it was difficult for the exposure conditions of X-rays to differ greatly and to 
realize such performances with the same imaging device by the case where the case where it 
sees through (animation), and static image photographing are performed. 

[0010]The relation of the fluoroscopy (animation) in a medical field, and X dose at the time of 
photography (Still Picture Sub-Division) and an output is shown in drawing 1 1 . In order to 
irradiate human being with X-rays continuously for picturizing fluoroscopy (animation), and to 
reduce the exposed dose of X-rays as much as possible, it is necessary to set the dose of X- 
rays to 1/100 from several 10 compared with static image photographing. In order to call for 60 
to 90 frames per second at the maximum as a read rate and to perform this reading, the imaging 
device for fluoroscopy (animation) is asked for several 10 times as much high sensitivity and 
several 10 times as many rapidity compared with static image photographing. Although static 
image photographing requires nearly four dynamic ranges, in fluoroscopy (animation), the dynamic 
range of about double figures may be used. 

[001 1] Although conventional I.I. (image intensifier) and the X ray imaging apparatus of a TV 
camera are high sensitivity, it is difficult for the dynamic range of a TV camera to use for the 
static image photographing for diagnosis small compared with the dynamic range of a film. Since 
the resolution of I.I. (image intensifier) is not enough for the static image photographing for 
diagnosis, generally it is used for fluoroscopy (animation). Furthermore a device and a system 
become large and cost increases. A device and a system become large similarly and, as for the 
fluoroscopy/photographing system which combined the film system with LI. (image 
intensifier)/TV camera, cost increases. 

[001 2] Although a CCD type image sensor is high sensitivity in a perfect depletion type, as an 
image sensor of a large area, it becomes unsuitable. Although a CCD type image sensor is a 
charge transfer type therefore, it becomes a large area and transmission of the number of 
transfer stages increasing (it becomes a high pixel) becomes a problem. That is, driver voltages 
differ a drive end and near a center, and full transmission becomes difficult. Although power 
consumption is expressed with CVf 2 (C a substrate and a well capacity of a between and V pulse 
amplitude and f pulse frequency), C and V become large and power consumption becomes large 
10 or more times as compared with a CMOS type image sensor, so that it is a large area. As a 
result, a surrounding drive circuit serves as a heating source and a noise source, and is no longer 
high S/N. Thus, the CCD type image sensor has a field for which it is not suitable in the large- 
sized image sensor. 

[0013]With the composition of the simple Oita imaging device using many single crystal image 
sensors, in the doubling part of each image sensor, a dead space is certainly made (peripheral 
circuits, such as a shift register, a multiplexer, and amplifier,.) This portion from which the field 
for providing the protection circuit which consists of a protective diode to the external terminal 
and static electricity for an exchange of a signal with the exterior and a power supply or 
protective resistance becomes required another certainly in a picture element region becomes a 
line defect (knot of a picture), and image quality falls off. Therefore, although the composition 
which avoids a dead space and leads the light from a scintillator to the picture element region of 
an image sensor is taken using tapered shape FOP (fiberoptic plate), very expensive tapered 
shape FOP is needed, and a manufacturing cost is raised. In tapered shape FOP, according to a 
cone angle, the light from a scintillator becomes difficult to enter into FOP, and there is a 
problem which the amount fall of outputted rays takes place, and offsets the sensitivity of an 
image sensor and to which the sensitivity of the whole device worsens. 

[001 4] Although it is advantageous at the point referred to as that the manufacturing process of 
an amorphous silicon type Oita imaging device obtains Oita s thing as compared with a CCD type 



image sensor or a CMOS type image sensor, compared with a single-crystal-silicon 
semiconductor substrate, micro processing of the semiconductor on a glass substrate is difficult, 
and the capacity of the result output signal wire becomes large. This capacity causes the biggest 
noise (kTC noise), and there is a limit in improvement in sensitivity. The semiconductor 
characteristic of an amorphous silicon over high-speed operation is not still more enough, and 
the animation photography of 30 frames per second or more by Oita becomes difficult. 
[0015](The 2nd SUBJECT) There is a means which changes a dynamic range and a gain in the 
pixel cell in a sensor as one method of solving the difference in the picture searched for by the 
photography at the time of positioning and this photography. Drawing 12 explains the example. 
PD is a photo-diode and is beforehand reset by the reset potential Vr via MOS transistor M1. At 
the time of photography of high sensitivity, the electric charge generated in photo-diode PD at 
the storage period (or X-ray irradiation time) is accumulated in PD and the parasitic capacitance 
C1, is read by the transfer transistor M2, and is accumulated in the capacity C3. Current 
amplification of the electrical change at this time is carried out with the source follower amplifier 
which comprises the transistor M6, and it is outputted. The transistor M4 is a line selecting 
switch of a pixel. Under the present circumstances, it is possible to enlarge the electrical change 
of C3 to a photoelectrical load by designing the capacity C3 small, and read-out by high 
sensitivity is possible. On the other hand, by the one [ the transistor M3 ] in this photography, 
the capacity which receives the photoelectrical load transmitted from the transfer transistor M2 
is set to C2+C3, and it becomes possible to obtain a bigger dynamic range. 

[001 6] Although the change of sensitivity and the change of a dynamic range are realizable in the 
above method, it is necessary to design the size of the transistor (M6 of drawing 12) of a pixel 
source follower in size suitable for high sensitivity photographing mode, and the smaller one of 
the size of a gate electrode is preferred. However, the 1/f noise of a MOS transistor will degrade 
image quality in this case. Generally it is said that the 1/f noise of a MOS transistor is in inverse 
proportion to the area of a gate electrode, and, in the case of small gate size, the influence of a 
1/f noise becomes large. 

[0017](The purpose of this invention) The purpose of this invention is to provide the radiation 
imaging apparatus of a large area thin shape which can provide the whole surface picture which 
makes possible fluoroscopy (animation) by a high speed and high sensitivity, and static image 
photographing in a high definition and an extensive dynamic range, and does not have a knot, 
especially an X ray imaging apparatus. 

[0018]Other purposes of this invention are to provide the image sensor which can perform a gain 

change and the change of a dynamic range. 

[0019] 

[Means for Solving the Problem]A photoelectric conversion means from which an image sensor 
of this invention transforms light energy into an electrical signal, Between the 1st and 2nd 
amplifying means as which said electrical signal which is electrically connected with said 
photoelectric conversion means, and is outputted from said photoelectric conversion means is 
inputted, and said photoelectric conversion means, said 1st [the ] or said 2nd amplifying means, 
Or it has two or more pixels which have the switching means established, respectively between 
said photoelectric conversion means, said 1st [ the ], and said 2nd amplifying means. 
[0020]This invention is characterized by a radiation imaging apparatus comprising the following. 
An imaging device which has arranged two or more image sensors of above-mentioned this 
invention, and formed them. 

A scintillator which changes radiation into light. 

[0021]A radiation imaging system of this invention is related with a way a drive method of an 
image sensor of this invention drives an image sensor of above-mentioned this invention, using a 
radiation imaging apparatus of above-mentioned this invention. 

[0022]A suitable mode of this invention is coped with also to a 1/f noise by, for example, 
choosing source follower amplifier of gate size which changes with image taking modes. That is, 
capacity value which has the source follower amplifier with which two or more gate areas differ 
for every pixel, and receives a photoelectrical load using parasitic capacitance of a gate of the 



source follower amplifier is changed selectively. In high sensitivity photography (positioning 
photography in the case of the above-mentioned X ray sensor), photography of high sensitivity is 
attained by choosing source follower amplifier with small gate size. When photoing a large 
dynamic range (this photography in the case of the above-mentioned X ray sensor), by choosing 
source follower amplifier with big gate size, it is small and photography with a large dynamic 
range of a 1/f noise is attained. 
[0023] 

[Embodiment of the Invention]Hereafter, with reference to Drawings, the embodiment of this 
invention is described in detail. 

[0024](A 1st embodiment) Drawing -j j s a representative circuit schematic of the pixel cell of the 
image sensor of a 1st embodiment by this invention. 

[0025]In drawing 1, the capacity formed of the parasitic capacitance or additional capacities with 
which PD is connected to a photo-diode and C1 is connected to the cathode side of photo- 
diode PD, and M1 are reset transistors which reset photo-diode PD and the capacity C1-C3. It 
is a source follower transistor for which the transistor used as the transfer switch connected to 
the capacity C1 M2, the capacity which accumulates the electric charge transmitted from 
photo-diode PD and the capacity C1 C2, and M4 are connected to a selecting switch, and a gate 
is connected to the capacity C2 M6. It is a source follower transistor for which the transistor 
used as the transfer switch connected to the capacity C1 M3, the capacity which accumulates 
the electric charge transmitted from photo-diode PD and the capacity C1 C3, and M5 are 
connected to a selecting switch, and a gate is connected to the capacity C2 M7. Thus, the 
electric charge accumulated in photo-diode PD and the capacity C1 is outputted via two output 
means. 

[0026]Operation of the pixel cell of drawing 1 is explained. The potential of the capacity CI 
formed of photo-diode PD, parasitic capacitance, or additional capacities is reset by the reset 
potential Vr by the reset transistor M1. If light enters into photo-diode PD at a storage period, 
the photoelectrical load by which it was generated will be accumulated in photo-diode PD and 
the capacity C1. The potential of the capacity C2 or the capacity C3 changes according to the 
photoelectrical load by which it was generated by turning on the transistor M3 used as the 
transistor M2 used as a transfer switch, or a transfer switch. 

[0027]The capacity C2 and the capacity C3 have the dominant parasitic capacitance of the 
transistor M6 and the gate electrode of M7 respectively here. The transistor M4 and M5 are line 
selecting switches, and they are the switches for choosing a line with the pixel cell by which the 
array is carried out to two dimensions. The transistor M4 and M5 are connected to the power 
supply V. Although not shown in a figure, it is connected to the constant current source, and the 
node OUT of an output forms source follower amplifier with the transistor M4 and M6. One of 
source follower amplifier can be chosen by the transistor M5 and M7 as well as the transistor M4 
and M6 forming source follower amplifier by the constant current source, and they choosing the 
transistors M2 and M4, or choosing the transistors M3 and M5. 

[0028]In this embodiment, it is possible to enlarge capacity C3 to the capacity C2 by enlarging 
gate electrode size of the transistor M7 to the transistor M6. On circuit operation, since the 
influence of parasitic capacitance of the parasitic capacitance between gate drains is great, it 
can adjust the capacity C2 and C3 by specifically changing the transistor M6 and gate width W 
of M7. Since the current driving capacity of a transistor does not change when the transistor 
M6, and gate width W and gate length L of M7 are changed by the same ratio, the DC 
characteristic of the same source follower can be obtained and a design becomes easy. 
[0029]The capacity C2 of read-out and the advantage of being able to choose C3 by a case are 
as conventional technology having explained, and it is in the ability to choose a dynamic range 
(D-range) according to a photographing condition. Furthermore by this invention, there are the 
following advantages. 

[0030]Generally, a 1/f noise is one of causes of SN degradation of the image sensor (CMOS 
sensor) formed of a MOS transistor. If gate electrode area becomes small by the minuteness 
making of a MOS transistor, the influence of a 1/f noise will become large. It is said that the 
power density of a 1/f noise is in inverse proportion to WxL of a MOS transistor. An 



improvement cannot be expected about the 1/f noise of that whose KTC no.se and optical shot 
noise opens a dynamic range by the conventional method in order to raise SN, and improve it 
when light volume is increased for a long time and storage time is photoed. According to this 
invention, in addition to the effect of the improvement in SN obtained by conventional 
technology, the improvement of a 1/f noise can also be obtained in the case of the mode which 
opens and photos a dynamic range. 

[0031 temporarily, about the gate size of the transistor M6, if the gate size of W- 1 micrometer, 
L= 1 micrometer, and the transistor M7 shall be W= 10 micrometers and L= 10 micrometers the 
gate sauce capacity of the transistor M7 will be 10 times. That is, the capacity C3 will be 10 
times C2 and a dynamic range will be 10 times. Therefore, when pictunzing the same light 
volume it is possible to operate within a dynamic range to 10 times as much storage time. On 
the other hand, it is possible to decrease to 1/100 under the influence of gate electrode area 
(1/100) about a 1/f noise. . 
[0032] For this reason, according to this invention, the good image sensor of SN can be obtained 
by improving the 1/f noise of source follower amplifier. Since the gate electrode of capacity 
formation and a source follower is communalized, a degree of location can be improved and the 
effect of improvement in the sensitivity by increase of the area of a photo-diode and 
improvement in the signal to noise ratio can also be acquired by extension. 

[0033]In the above-mentioned explanation and an equivalent circuit, although the characteristic 
of MOS of a source follower transistor has described the case of NMOS, also when a transistor 
is constituted from a PMOS, it can acquire the same effect. It is in the transistor M2 and the 
state which turned on M4 (or the transistor M3, M5) beforehand, without being caught by an 
above-mentioned example about the timing of a drive, Photo-diode PD, the capacity CI and the 
capacity C2 (or capacity C3) are reset, and accumulation may be started after closing the reset 
transistor M1. In this case, it is possible to lose the feed through by opening and closing of the 
gate of the transistor M2, M3, M4, and M5. 

[0034]It is possible to communalize the gate of the transistor M2 and the gate wire ot the 
transistor M4, and to reduce wiring. It is also possible to communalize the gate wire of the 
transistor M3 and the transistor M5 similarly. 

[0035]The merit which can perform the change of sensitivity and a dynamic range in an X ray 
imaging apparatus is large as conventional technology described, when this invention was applied 
to an X ray imaging apparatus, Since it is easy to use a large-sized imaging device in an X ray 
imaging apparatus compared with a portable camera, the demerit which enlarges pixel size is 
small and it is easy to consider composition of a pixel as the composition by this invention 
Therefore, the image sensor by this invention is effective especially when it applies to an X ray 
imaging apparatus. . 

[0036](A 2nd embodiment) Drawing 2 explains a 2nd embodiment by this invention. Drawing Z is a 
representative circuit schematic of the pixel cell of the image sensor of a 2nd embodiment by 
this invention. 

[0037]In this embodiment, the capacity C1 is directly connected to the gate of the transistor Mb 
without the transistor M2. When you need high sensitivity, it chooses the transistor M4^ Capacity 
is set to C1+C2 at this time. When a large dynamic range is required, M3 and M5 are chosen. The 
capacity at this time is set to C1+C2+C3. The capacity factor at this time is set to 10. That is, it 
is set to C1+C2+C3=10 (C1+C2). Therefore, it is set to C3=9 (C1+C2). A 4th embodiment 
explains the imaging device using this embodiment. Then, although explained in full detail, the 
junction capacitance C1 of a photo-diode is made small as much as possible, in order to realize 
high sensitivity. According to this embodiment, about the gate size of the transistor M6, if the 
gate size of W= 1 micrometer, L= 1 micrometer, and the transistor M7 shall be W- 9 micrometers 
and L= 9 micrometers, the gate sauce capacity C3 of the transistor M7 will be 9 times the 
capacity C2 A dynamic range increases 10 times by the case where the case where the 
transistor M4 is chosen, M3, and M5 are chosen. If the effect of 1/f noise reduction is 
considered to be a 1st embodiment the same way, it will be improved by about 1/81, and the 
effect of this invention is effective also in this embodiment. 

[0038](A 3rd embodiment) Also in an image sensor with the photo-diode of a perfect transfer 



type this invention can acquire the same effect. Drawing 3 explains a 3rd embodiment by this 
invention. Drawing 3 is a representative circuit schematic of the pixel cell of the image sensor of 
a 3rd embodiment by this invention. 

[0039]In this embodiment, after making a photo-diode PD part depletion-ize thoroughly by a 
reset action, accumulation of a photoelectrical load is started. As the method of reset, the 
formation of perfect depletion of photo-diode PD is possible by making the transistor M1 and the 
transistor M8 into an ON state simultaneously. The photoelectrical load by which it was 
generated is transmitted to the capacity C1 by the transfer switch M8 after accumulation. By 
designing photo-diode PD form perfect depletion again, it is possible to transmit all the 
photoelectrical loads by which it was generated to the capacity C1, and it is possible to obtain a 
highly sensitive sensor. About operation of the transistors M2-M7, it is the same as that of a 1st 
embodiment. It is possible for this to acquire a picture with few noises so that it is possible to 
choose a dynamic range. Also when the transistor M2 is omitted like a 2nd embodiment, the 
effect of this example is effective. 

[0040](A 4th embodiment) Drawing 4 shows the part plan of one image sensor at the time of 
using for an X ray imaging apparatus the CMOS type image sensor which has one pixel circuit of 
Embodiment 2. each pixel is mentioned later — as — animation mode (high sensitivity mode) 
with the amplification MOS transistor (M6 of drawing g) of business. Compared with this, light 
volume will be 100 or more times, and it has a large amplification MOS transistor (M7 of drawing 
2) of the area at the time of the still picture mode (normal mode) of which a large dynamic range 
is required. Furthermore, each pixel has a means which changes sensitivity according to the 
change of such operational modes. This realizes an extensive dynamic range and the image 
sensor which can be photoed by high sensitivity at the time of animation photography at the time 
of static image photographing. Nine-sheet tile **** of this image sensor is carried out, and 
Oita's imaging device consists of these embodiments so that it may mention later. 
[0041]In drawing 4, 11 the end of an image sensor, and 12 the boundary of a pixel cell, and 13 
The block of the vertical shift register as a scanning circuit, The vamp by which provide 14 in the 
block of common processing circuits, such as a multiplexer, a horizontal shift register, and 
common amplifiers, 15 was provided in the external terminal, and 16 was provided on the 
external terminal 15, and 17 show protective resistance, and 18 shows a protective diode. 
[0042]Drawjng 7 shows the case where one image sensor is picked out from a mainstream 8 
inch wafer now. The CMOS type image sensor of 136 mm** is created by one-sheet picking by a 

CMOS process. . 
[0043]In the X ray imaging apparatus of medical application, the size of a pixel (pixel cell; may be 
large to 1 0Omicrometer** - a 200 micrometer** grade. Size in this embodiment was made into 
160 micrometer**. 

[0044]Drawing 8 shows the image sensor portion of the large area X-rays animation imaging 
device of 408 mm** which pasted nine sheets of this image sensor together and formed it. 
[0045] Drawing 9 shows the A~A section of drawing 8. The scintillator 21 which consists of 
Gd 2 0 2 S using a europium, a terbium, etc. as an activation nature object, Csl, etc. is installed on 
FOP(actual size optical means of communication^. X-rays are changed into lights, such as 
visible light, in the scintillator 21. The image sensor 23 detects lights, such as this visible light. 
As for the scintillator 21, it is preferred to choose so that the luminous wavelength may suit the 
sensitivity of the image sensor 23. In this embodiment, in order to prevent the X-rays which 
penetrated the scintillator 21 hitting the image sensor 23, FOP22 is used, but when X-rays are 
enough absorbed by the scintillator 21, such as using the X-rays of low energy, it is not 
necessary to use FOP. The pedestal 24 is an external treating substrate which has a circuit 
which the image sensor 23 is carried, and the substrate 25 supplies the power supply of the 
image sensor 23, a clock, etc., and takes out and processes a signal from the image sensor 23. 
FUREKI 26 is an electric connection part by TAB (Tape Automated Bonding) of each image 
sensor and an external treating substrate. 

[0046]According to this embodiment, a vertical shift register, a horizontal shift register, a 
multiplexer, output amplifier, an external terminal, an electrostatic protection circuit (the 



protective diode and the protective resistance), etc. which were convent.onally arranged to the 
peripheral part of the image sensor are arranged to the picture element region of an image 
sensor Since the whole image sensor surface serves as a picture element region by this 
composition, the dead space as for which a tile ******** case becomes a picture element 
defect on the outskirts about this image sensor is not produced. 

[0047]Oita's imaging device can be formed by putting these image sensors in order so that there 
may be no crevice in tile shape substantially. Here, with a crevice substantially not being made, I 
hear that lack between image sensors is not made to the picture formed by the image sensor of 
nine sheets, and it is in it. The picture of Oita without a knot can be acquired by furthermore 
considering it as said circuitry. 1 block of the shift register which processes one more line is 
arranged so that it may be settled in 1 pitch. These blocks are put in order, and it is considered 
as a series of vertical shift register blocks, and is considered as a level shift register block 
These blocks are extended to linear shape to the perpendicular direction and the horizontal 

direction. . , 

[0048]It lets TAB FUREKI linked to the external terminal provided in the image sensor end pass, 
and the clock of an image sensor, etc. the input of a power supply, and the output of the signal 
from an image sensor are performed between the external treating substrates arranged on the 
back side of an image sensor. Even if the thickness of TAB FUREKI lets the crevice between 
image sensors pass thinly enough to size, the defect on a picture is not produced 
[0049]Drawing 5 shows the situation of the pixel cell which has arranged the unit block (unit tor 
choosing and driving one line) of the vertical shift register in drawing 4 with one pixel circuit to 
one field (1 pixel cell). One pixel circuit is shown in Embodiment 2. The area of a unit block and a 
pixel circuit is not reflecting the carried-out type for a mimetic diagram. With the actual layout, it 
is covered by the light shielding layer (un-illustrating) except the photo-diode of a pixel circuit, 
and the light from a scintillator is prevented from entering in addition to a photo-diode. A vertical 
shift register shows the easy circuit constituted from a static type shift register and a transfer 
gate in order to make transfer signal phiTX, reset-signal phiRES, and selection signal Ph'SEL. 
These are driven with the signal from a clock signal line (un-illustrating). The circuitry of a shift 
register is not this limitation, various drives of addition, infanticide read-out, etc. can carry out 
and arbitrary circuitry can be taken depending on a way. However, a functional block is arranged 
with a pixel circuit in one pixel cell like this embodiment, a shift register is provided in a picture 
element region, and the image sensor of a whole surface picture element region is realized. 
[0050]As a scanning circuit, not a shift register but a n pair 2 n decoder can also be used^ By 
connecting the output of the counter which **************s one by one to the input of a 
decoder it becomes possible to scan sequentially like a shift register, and the picture of the 
arbitrary fields by a random scan can be acquired by inputting the address of the field which 
wants to acquire a picture to the input of a decoder on the other hand. 

[0051]The common processing circuit arranged in each field (pixel cell) in a picture element 
region means the circuit which bundles up the last signal output amplifier, a serial parallel 
conversion multiplexer, and a buffer and where they process plurality, such as various gate 
circuits, in common. 

[0052]The layout (mimetic diagram) of one pixel circuit corresponding to Embodiment 2 is shown 
in drawing 6. The size of a pixel cell is 1 60micrometer**. 

[0053]In drawing 6, the photo-diode as a photoelectric conversion part and 32 31 The 1st 
amplification MOS transistor corresponding to animation mode (high sensitivity mode) (pixel 
amplifier 1) 33 The 2nd amplification MOS transistor corresponding to photographing mode 
(normal mode) (pixel amplifier 2), 34 The change MOS transistor of animation mode (high 
sensitivity mode) and photographing mode (normal mode, extensive dynamic range mode) (mode 
changeover switch), A reset MOS transistor (reset switch) for a selection MOS transistor for 35 
to choose a photoelectric conversion part and 36 to discharge the electric charge accumulated 
in the photoelectric conversion part and 37 are output signal lines. The size of the 1st 
amplification MOS transistor shall be W= 1 micrometer and L= 1 micrometer. The size of the 2nd 
amplification MOS transistor shall be W= 10 micrometers and L= 10 micrometers. 



[0054]ln a picture element part, the signal charge by which it was generated with the photo 
diode is accumulated injunction ******. As for an electric charge/voltage conversion, the 
accumulated electric charge is carried out by the amplification MOS transistor (pixel amplifier) 
which functions as a source follower, and is outputted as voltage. 

[0055]There are characteristic conditions for which the photoelectric conversion part in the X 
ray image sensor of fluoroscopy (animation) and photography (Still Picture Sub-Div.s.on) 
combination is asked. This embodiment taken in order to fulfill this condition is explained in full 

detail. . . ,. 

[0056](Animation mode) Lightwave signal voltage V p according to an optical generation career 

when accumulating optical generation career Q p in the capacity C of a photodiode part and 

changing into voltage in the photo-diode which has pn junction is V p = Q p /C... (1) 

It becomes. There is a reset noise generated whenever it resets a photo-diode. This appears as 

random noise, reset noise V N — V N = root(kT C) .... (2) 

(k: A Boltzmann constant, T:temperature (K)) 

It becomes. S/N ratios are V p /V N = Q p and root (1/(kT C)).... (3) 

It becomes. In order to obtain the highest sensitivity (S/N ratio) at the time of animation 
photography, it is desirable to make storage capacitance C as small as possible. 
[0057] Size deltaV of a source follower (pixel amplifier) output can be expressed as follows. 
[0058]deltaV = G and Q p /C MOS — here, as for G, the profit of a source follower and C MQS use 
parasitic capacitance of pixel amplifier as the signal charge in which Q p was accumulated in 
C MQS . To the same signal-charge Q p , an electric charge / voltage conversion profit becomes 
large and becomes advantageous from a viewpoint of an S/N side etc., so that deltaV is large. In 
order to enlarge deltaV to the same signal charge Q, since the profit G of a source follower 
usually hardly changes about with 0.7 to 0.9, it makes capacity C M0S small as much as possible. 
[0059]In the animation mode (high sensitivity mode) of this embodiment, a photo-diode and the 
1st amplification MOS transistor (pixel amplifier 1) are directly linked by turning off a mode 
changeover switch (M3 of drawing 2). At this time, signal storage capacitance turns into 
junction-capacitance C pD (C1 of drawing 2) of a photo-diode, and synthetic capacity of the 
capacity C1 (C2 of drawing 2) which is parasitic on the 1st amplification MOS transistor (pixel 
amplifier 1). C pD is set up become minimum capacity in order to obtain the highest sensitivity by 
animation mode (high sensitivity mode). In order to take the large rate for Mitsutoshi, the one 
where a photodiode area is larger is good, but it is considered as structure which C pD does not 
increase by making the polar zone (unHllustrating) into a small area as much as possible, since 
capacity C pD will become large easily if a large photodiode area is taken. It sets up so that the 
1st capacity C1 (C2 of drawing 2) that carries out amplification MOS transistor (pixel amplifier 1) 
parasitism may turn into minimum capacity similarly. Since it is dependent on the area of the 1st 
amplification MOS transistor (pixel amplifier 1), it is made for parasitic capacitance to serve as a 
small area as much as possible. 

[0060](Still picture mode) The charge quantity which can be accumulated in storage capacitance 



is Q p = V p and O... (1) 



It becomes. Since a dynamic range becomes large in proportion to the charge quantity which can 
be accumulated, in order to make a dynamic range large at the time of static image 
photographing, it is necessary to enlarge storage capacitance C if needed. In this invention, only 
this large storage capacitance is not separately provided in a pixel, but the 2nd amplification 
MOS transistor (pixel amplifier 2) of a large area for still picture modes is provided, and the 
parasitic capacitance of this transistor is used as storage capacitance. 

[0061]Being easy to generate a 1/f noise (flicker noise) and a heat noise in a MOS transistor, 
this is random noise and produces a random background image. If channel length of a MOS 
transistor is set to L and channel width is set to W in device design, A heat noise is proportional 



to root (L/W) and since a 1/f noise is in inverse proportion to L-W, for making the no.se of a 
MOS transfer small, it makes channel length L the minimum, and it should just set up channel 
width W greatly. Especially the 1/f noise that becomes large by the low frequency wave n the 
Source follower as amplifier used as a big noise source poses a problem especaHy in still picture 
mode The 1st amplification MOS transistor (pixel amplifier 1) designed become h.gh sens.t.v.ty 
by animation mode will be shared by still picture mode, and the 1/f no.se of th.s p.xel amphf er 
will have an adverse effect on image quality greatly in the structure of prov ^ n ***™*%** 
large storage capacitance for extensive dynamic ranges in a p.xel. On the other hand, a 1/f no.se 
does not pose a problem at the time of high-speed animation photography. Then, it , « cons .dered 
as the structure of providing the 2nd amplification MOS trans.stor p.xel amplifier 2) of a large 
area for still picture modes, and providing the mode changeover sw.tch wh.ch chooses th.s as 
still picture mode. At still picture mode, improvement in us.ng-low no.se pixel amplrfier .mage 
quality can be aimed at, and an extensive dynamic range can be secured by us.ng the paras.t.c 
capacitance of this transistor as storage capacitance of still picture mode further 
^Furthermore by this embodiment, the 1/f noise uses the small type PMOS trans.stor as a 
source Slower intrinsically. Thereby compared with an NMOS type trans.stor, .t can decrease ,n 
about 1/10 size. When using for an X ray imaging apparatus the .mage sensor wh.ch becomes 
this invention, the X-rays which passed through the scintillator are equivalent to a trans.stor 
directly The type PMOS transistor is still more preferred at one w.th strong (there are little 
increase in leakage current and threshold Vth change) X ray endurance compared w.th an NMOS 

[OOoSlTnTe'pixel circuit of this embodiment, the transfer switch was not formed, but linked the 
gate of a photo-diode and an amplification transistor directly, and made .t the photoelectric 
conversion part. In this embodiment, since it is not full transmission, a kTC no.se occurs , at the 
time of reset of a photoelectric conversion part, but in order to remove th.s no.se, it is publicly 
known to use a double sampling circuit. . 
[0064]In the X ray imaging apparatus of medical application, since the size of a p.xel may be 
arge to 50micrometer** - a 200 micrometer** grade, even if it arranges two amplification MOS 
transistors according to operational mode in a pixel cell, a sufficiently large numerical aperture ,s 

[0065]Since a shift register is arranged in a picture element region in this embodiment, the X- 
ays which escaped from the scintillator hit a shift register directly. The sh.ft register circuit ,s 
used in order to transmit a pulse signal one by one. A static shift register .3 used as a shift 
register. Theoretically, a static type cannot be influenced comparatively easily by X-rays and IX 
rajs can use it for a direct this slack place like this embodiment. Therefore, .fa static type sh ft 
register is used, there are few X ray damages and errors, and the imag.ng dev.ee whose rel.ab.l.ty 

improved can be realized. . 
[0066]Since it uses the CMOS type image sensor as an .mage sensor, there ,s little power 
consumption, and this embodiment is preferred when it constitutes Oita s imaging device. 
[0067]In an image sensor, a multiplexer is made and it is crowded in order to carry out operation 
with an image sensor early. . , 

[0068]Although a signal is taken out from an image sensor outside via an external terminal, there 
is big stray capacitance in the circumference of this external term.nal. Therefore, the 
transmission characteristic of a signal can be compensated by forming amplrfier in the Preceding 
paragraph of an external terminal. Since the image sensor of nine more sheets can be driven by 
a common drive pulse, a surrounding drive pulse generation circuit also becomes easy. It turns 
out that communalization of an image sensor drive circuit can also be performed by common 
drive, therefore it excels also in mounting. 

[0069](A 5th embodiment) Drawing 10 shows the application to the diagnostic X-ray system .of 
he radiation imaging apparatus by this invention. X-rays 606C ) generated by the X ray tube 6050 
penetrate the thorax 6062 of a patient or the test subject 6061, and enter into the scintillator 21 
as shown in drawing 9, FOP22, the image sensor 23, and the radiation imag.ng apparatus 6040 
provided with the external treating substrate 25. The information on the patients 6061 part in 
the living body is included in these X-rays that entered. Corresponding to mc.dence of X rays, 



light is emitted an image sensor carries out photoelectric conversion of this, and a scintillator 
acquires electrical information. This information is changed into digital one, and Image Processing 
Division is carried out by the image processor 6070, and it can be observed on the display 6080 

of a control room. . 
[0070]This information can be transmitted to a remote place by the transmission means ot 
telephone line 6090 grade, it can save on the displays 6081, such as a doctor room of 
somewhere else, at the recording device of a display or an optical disc, and the medical 
practitioner of a remote place is able to diagnose. It is also recordable on the film 6110 by the 
film processor 6100. 

[0071]As explained above, although this invention can be applied to the X ray sensor ot medical 
application, it is effective also when it applies to the other use. 

[0072] , . , 

[Effect of the Invention]According to this invention, the following effects can be acquired. 

(1) By establishing an amplifying means and mode switching means (switching means), such as an 
amplification MOS transistor from which the size according to image taking mode differs, in each 
pixel, a high speed and high sensitivity video photography / extensive dynamic range, and low 
noise static image photographing become possible with one image sensor. 

(2) A whole surface picture without a knot can be provided by arranging two or more image 
sensors which have the above-mentioned effect, and the Oita thin X ray imaging apparatus 
which can make a high speed and high sensitivity video photography / extensive dynamic range, 
and low noise static image photographing serve a double purpose can be provided. ^ 
[0073](3) In the image sensor by this invention, it can have two kinds of amplifying means, such 
as a MOS transistor, in each pixel, and choosing either can perform a gain change and the 
change of a dynamic range. By making them into a different source follower of gate size, a 1/f 
noise can be controlled and the case where the picture of high sensitivity is photoed by the 
change of photographing mode, and the case where have a large dynamic range and the picture 
of a low noise is photoed can be chosen. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] t 

[Drawing 1]It is a representative circuit schematic of the pixel cell of the image sensor of a 1 st 
embodiment of this invention. , , 

[Drawing 2]It is a representative circuit schematic of the pixel cell of the image sensor of a 2nd 
embodiment of this invention. 

[Drawing 3]It is a representative circuit schematic of the pixel cell of the image sensor of a 3rd 
embodiment of this invention. 

[Drawing 4]It is a part plan of the image sensor of a 4th embodiment of this invention. 
[ Drawin g 5 ]It is a figure showing the pixel circuit in drawin^4, and the relat.on of a unit block of 

a vertical shift register. ^ . 

[Drawing 6]lt is a notional top view showing the relation between the photoelectric conversion 

part in the pixel cell in drawing 4, and pixel amplifier. 

[Drawing 7]It is a top view showing the wafer which becomes the image sensor by the 
embodiment of this invention, and the origin of it. 

[Drawing 8]It is a top view showing 3x3 arrangement of the image sensor by the embodiment of 
this invention, and the arrangement of a scanning circuit. 

[Drawing 9]It is a sectional view showing the composition of the .imaging device by the 
embodiment of this invention, and the A-A' section of drawing 8 is shown. 

[Drawing 1 0]lt is a key map showing the composition of the radiography system by Embodiment 

5 of this invention. / • , \ • 

[Drawing 1 Hit is a characteristic figure showing the relation of the fluoroscopy (animation) in a 
medical field, and X dose at the time of photography (Still Picture Sub-Div.s.on) and an output. 
[Drawing 12]It is a representative circuit schematic of the pixel cell of the convent.onal image 
sensor. 

[Description of Notations] 
PD Photo-diode 
C1, C2, and C3 Capacity 
M1-M7 Transistor 

11 The end of an image sensor 

12 The boundary of a pixel cell 

13 The block of a vertical shift register 

14 The block of the common processing circuit containing a horizontal shift register 

15 External terminal 

16 Vamp 

1 7 Protective resistance 
18 Protective diode 

21 Scintillator 

22 FOP 

23 Image sensor 

24 Pedestal 

25 Substrate (external treating substrate) 



26 Flexible substrate (TAB electric connection part) 

31 Photo-diode 

32 The 1st amplification MOS transistor (pixel amplifier 1) 

33 The 2nd amplification MOS transistor (pixel amplifier 2) 

34 Change MOS transistor (mode changeover switch) 

35 Selection MOS transistor 

36 Reset MOS transistor (reset switch) 

37 Output signal line 
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/A iBIty— x7tny« h7y-y^^ (EH2©M6) 

L^LW^ ~<7>^M0S h77 v^T^l/f/ 4 X# 
HfltSr*{b$*TL4 5. -«M0S h 7 7v>7 7 cDl/f 

< ft So 

[0017] (*«iW<oaW) ft** 
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[0018] *fc*«0j©fiii©ew{4> ^y^ffx. 

6 »«*^ SrH^-t- 5 ' t K h % o 
[0019] 

t , 8tfffi***ife*a twsm nv < dilute 

|g l&t5fHjfS^2©±i*ig^®troPpfl!-*ti€n, Ktt& 

[0020] */--*%0/iro»M«ftsei±, ±te*« 

[0 0 2 1] «B/lwSclt«ff ->77^i±±fE*^' 3 f1 

[0022] *3SM<off-iS'5cffi ; filPt. f'Rii. PHtSCJ 
iA^- Fi^ <t 0 lift 5 M^-< x<7 ^ ^ x7 * py 

30 7ta77y7 , ©y-h»§4fMffl , 'X, *tf?r 
Xffl/|^V^y- 7 7^n r 7T>7°?riltR."t"-5 ^ 1 1' 

*WiB) , y-ft^X(7)7c^^y-^7*oyry^ 
7- * 7 y f ^ 4- 1 o aauaiwffi t <c s 0 

[0 0 2 3] 

[0024] mi tnnmmm) m 1 1- ± 

[0 0 2 5 ] El 1 tCjo^T, PDI47 + hy'V ^- K, 

cni7it-7'V*-KPD©*y - K«i-Satt * ^ 

fi, M 1 (47x1 h^'-f KPDW^tC 1 ~C 3 $r 

50 c 1 i;fti^ti5fei*^y 7f i 45 h 7 y-yx? , c 



(5) 
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2 ; t ' i h '/ < ■ KPD*3it>*^*C lfl»P>(E££*i 

7 -C fc 3 . * fcM 3 C 1 fcgH* $ H 5 fcsSI* W -7 

t4ii$R.^ y^ M7lif- hi^SC 2t^^S^?) 

b 7V 5j— K P D*5 4.t>*^*C l tStitifcffli 2 

[0 0 2 6] HI cOpJ5S-fryK7)®)^4r^"tSo 7+ h 
y V K P D ^ h L < ttttJn#*fc iotf 

BfcS*i,SS*c i rolfili !)t^h7 vs?**M i (' 

7* h y-f K PDt»>AWt5 £ > 38^ Lfc7t« 
jiSf(47* h^l'Tt— KPDdS.fctWMfcC K-^fcbn 

vf-ktaZ) V' '-' 's '^''W'-*' £ONl 5 i > e?Y 1 
C2H< f4^»C 3 Lfc3fc*ffifWS I 

[0027] ::t*flC2ioJ;t;MC3li ; eix€^ 
|-vy-/X^M6 > M7«7*- StBffiO^^^S^SBa 
6<]-<?fc6o h 7 y^«4 s M 5 ttfnitRT.-l' s^"? 

W-fSfc**©*-* h7>-^^M4, M5 

{i«KVK«fitStt-cv^5. a^«y-KouTil B 

■y^?M4 1 M6t*t, y-X7*o 9T77°£^J5jc 

4, M 6 i PlUJlltil > -C* 7 - X 7 t o 7 T y 7"*: 3 
fl^L-CJSU, h7^^M2 £M4«raMR-f3*\ 
h 7 y v ; 7 7 M 3 t M 5 ZWm- Z>'tX\ t *l*>0> 

7 D y T yr/'^iiw-r 5 r i is-e# 6 0 

[0 0 2 8] *H»f$fiT*f4 F7y^7^M6 K+LT 

T?^*C 2 H*tLTgftC 3 £tv£ < 1"3 ' k&*M?? 
hZ>„ «m*!:iY I.. 

6, M7<7)y-MlW«i5^it-tiC2 < C 3 £ 
M7© y- h t y- h A L £ PI £J£*T'^ X. 

ici4, vyw** <Dm,mmmmtn±mt l & v \fc.«>, 

Islf/i y - 7 7 t o 7 » D C fttt ^#51 i , S 

[0 0 2 9] gc^ffi L 73 .WS C 2 , C3mtJ;ot 
I^ttiaot, Wtv^ ^'7' (D- rang 

[0 0 3 0] -JKt's MOSh^y^^'i^tffil 51 
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SixS*fc#* (CMOStyt) WSN^bcOjgHt 
LT 1/ f J4X1fihZ>« l/f/^^'liMOSh7y 

KTC^X, Jt-> a y h 7 XmSji^S t 
7>:'. 1 / t / f <!'|V'i-. L Bfei*** J^ii* <CV N o #38 

T, 1/f y-{X©$SW#5Iii 5 "C*§5o 

[0 0 3 1] fSf', h5V^^M6©y- ^'Sr 
W=lizm, L=l/im, h7y^?M7©y-Ft 
^X^lO/im, L=10nmit?)h YvV'y 
X?lA7<D#-h-y — X&*& 1 0fffi:ft5. 
t J ^»C3(4C2C0 1 OffiFt^O, ^t5v^l^^ 

#«B#f^ 1 of,v fc 7 v' y-i- i - ^' 1 > e^rt -etbf^i- 5 - 

b«feffia^fy« (1005)01) {^4^), 1/100^ 
ifti^T 5 n t ^Ti£ 7? fc 5 o 
[0 0 3 2] ^cofc*, y-X7 + o 

t y _ x -7 ^ o y coy- h %*»ft LT V > 5 

Id, <ti«^-r!''! ^ " 1 ^•"' : ' v - t>^Tii, 7+hy 

[0 0 3 3] **J, ±fSfiP71fcJ:I>^tf0^^tt^~ x 
7t p^7 y- i77^ WMO S S 

i - o ^ t a> t v ^ a s , h7y-^?^PMost'« 

ft CD * >f 5 V f \ZM L T (4 , -h$ cof i| l^t^^W 
<, fcib^C* ^72-^^2, M4 (fc6v^(4hy 
y.yz?M3, M5) ^ONLfctlt, 7+h^V^ 
— K P D , glCl, S1C2 (fc^V^(4#SC3) 
y ir y V L, U t 7 h h 7 777?M1 Srfl CTc^f-^ 

2, M3, M4, M5«y- h coHPfll- i 5 7 ^ — K7- 

[0034] h 7 yy77M2©f-F^7y 
-^^M4©y- na»«r*a'(bb, E*sr»e>i-^i: 

*S"Iffi-efc5. Inltti" : -/7 >^M3 '• t-77'77? 

m 5 coy- h@«ii£*ii^-t 3 - i fc^rtB-e*>?>. 
[0035] *»W*xi»»«8Kl-*Kffl Lfc*&, ffi 

) M<7)* y 7 !7tb^^"Cfc5 r: i/j^, a^-y-^^'^^ 
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[0036] (i! 2 nmmm) tsie 2 
mmmzm 2 -ckwi- s„ ei 2 i±«^ k «t 5* 2 

[0 0 3 7 ] *'AM#--t:1± h5y^M2^ 

So :©tt*i»ci+c2ift5. 

60 I«t#©flliCl+C2+C3i<CS. 
# <D&*Jfc& 10tt5o o|t)Cl+C2+C3 = l 

0 (C1+C2) £ft3c iotC3 = 9 (Cl+C 

>m-',i».-n- ■■■■:>■ ; t _ l 7*r^* 

,f X£W= 1 *i m, L=lMm, h7>^M7©y 20 

v?X^M7»y- h- y-X^*C 3f±£*C 2©9fg 

1 .^/. h7> v .A '/M-l * o^rr '-K!:'. M5 

i / f / x®«co^*(iHiw*ss®^i mm\^z- 

f§ I -l & V ^ T t W Stl T* fe Z> o 

[0038] en 3 (Dnmm) t*^±mm? * 

a^^tS^i^-C'^So *36Wfc<t*»3<o^ilfiJliSffi 3C 

SrH 3 -ettw-r*. 0 3 iwfliasi 3 

[0 0 3 9] *^*^ffiT(± 7*h^Vt-KPDi 

it*7i- h ^'V^— - p n - ! > -v ^ ss.-nW^T-fcs 

If ftft, Lfc7t*W(4teil^^ 7fM8tio T'# 

m 2 ~m 7 <v = ifVj i " »v ■ c; i-ft 1 (D^MffiBb PHUTfc 

fgtrfcSo !|2<DlM2fii:lR]«tc h7^^ 

[0 0 4 0] (154 (D^lS^ffi) 0 4 !«MM2C01B 
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iit^ £ 9 ;:fei">; e • K (Kf«S^- K) ffl cosmos 
a ••> ; , ,/ x ? (EI2CDM6) r ix^tt^JtHtfrlO 

)•:■! 7 > > y (in 2 com 7) i^^fC-fSo $fct-#ia 
^S^SSr^-fS. :til^ «J#JhiS»»^rtJ:f±/£^ 
f« : f-^^lJl-r5o +-*ffiJ^fi-Cl4- &3£1-*.fc5£, 
>W.>. 

[0 0 4 1 ] El 4 (rfcv^T, 1 1 1 
2 fiWsR-fe/Koai*. 1 3{±*4lHlESi LTWSiE^^ 
hUy7?»7'D^, 1 4{i-wi-^7V?^ 7k¥'> 

^, i5i:£^» : K 1 6|i«^i 5±^89:^bix 
fc^y^, 1 7 iifii9M6tFu 1 f i- • l- <>:^ 

"To 

[0 0 4 2] 13 7 \i$&£fo<r>M yfyx/^fjilw 
20 *Ht^; : '^J.7-;,':!-)--i;,'r-Lr.'j-i\ CMOS:/ ptxtiot 
136mmD oOCMOSSftft 1 9 -C^i" 5 . 

[0043] mm®an$mi%mn^ttmm mm-t 

IV) <D±$£\Z, 100/zmD~200*fniCtfi£l-*:£ < TJ; 
[0 0 4 4] El 8 l±^ro«^*^ Sr9ttK9 ^t>*TJ^ 

[0 0 4 5] El 9 !4E1 8 C0A-A' Wffi^/^'t'o 
r> A , Tfi,\£+>J» m k t-tSttf* tLTfflW fcGd, 0 2 S^Cs 

30 ifc ira» e> & 5 s/vf 1 w— * 2 1 ^f° p (^<S3t^e*^ 
a) 2 2cD±sci£mi-So xisi4-»^^"^2 1 ; - "i 

^*^F- 2 3T'^mi-5o ->>^u-^ 2 1 i±^W«7tiK 

ft^t*^ 2 3 <t 9 

ft* LV\ *^ffiJF?fiT:14->V^u-^ 2 1 SrililLfc 

U-^ 2 1 T+^X^P^Hx^nS^ttFOP^rfflV^^ 
I^2 4!il«^2 3*Itt6t»tfo 

40 0, S« 2 5 l±lS«* r f 2 3 ©IWR, 

i ^B-RMfSSte i C0TAB (Tape Automated Bonding) Id 

[0 0 4 6] ft^UHMH^aajK: 
is@^^ Ki^nefet) ?r«if*?»B 
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[0047] - fib o>wm : i- £ ? 4 ;utk tc mmm im 

<7)«Hg<im-4 9 JBriteftSWttt-ft : f 
x # ft v ^ £ ^ -) r. X- h S o $ ifjfEHls&lf t i~ S 

^i t°y 4-^1-^4 s 4 9t-sm-f5. ^^ 7 ' D * 

* 4 C a-Wfi[lL->7 h l/-^ ^d^>L, tK 10 

h u-^^n y? £1~So ^nfe^^'c yy44 

[0 0 4 8] «ft«4W y- a y ? ^«^<75A*. tiffe 

Hg&«fc U/cTAB 7 U =*r £ ffi b T , «Hf » f- <0*fll t-SSfi 
Ufc*»*0«*« <DmXfi 0 . TAB 7 l +^!71 f4f" 

4 xm*tLT+#*< KHftSf^roiarolftraSrii LT t , 

[0 0 4 9] H 5 f4B 4 h u :47 4* ®Hi 

7'nyy- (lff&51WLKltl1"3 &lfS# 20 

lpj*[E0iiStt**^M2(l^t-t.W't'foSo * 
^7*o -y y- tM*H]^roBlt(i, Mit[I|cofcto^»Sr 

1>,I,TX. y ir -y H ft H <I> RES , 31KfI ^ <1> SEL ft 14 <9 41 4~ 

)j£ L/cff ^TiH^Sr^-fo ^(44 n y y4f ^ 
0*) ;v-o'0',;SJ-;' 1. ^MrfS, y-7 M > : :'. '/«!"! 

$ * £'4 ftlKtiro $ -fryj 4 9 , fi&Wlil^S^S: t S 
- t *«-e# So /tfcL^HJS^IiwJ; v fctttoB^n y 4 

£ owpi^-fe/KOtf ^Bs^H]^ t *l-i2B MM®. 

{- -> 7 h v "J* V S-Ktt ^ ±Effi*Mft£»^1** : ?- 

[0 0 5 0] ^SIhISS t t"C, > h t- -.;.',•< 
;i|;j;f)y7h ^ t Mfii'S - t ^ 5 

Vp /Vn = • /" (1/ (kT 0 ) 

fcfcs. ifjiii»i5B#i'*ffe"ilJt (s/Ntfc) ft#Sfcfeir 

[0 0 5 7] *fty-^7tBy (H*T>7 P ) ffiy^W 
; v a § ,w; L',l K ^ i: 5 l'*^-i±So 

[0 0 5 8 ] AV = G • Qp/CW 50 



30 



40 
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Wlfi«roiSife«:#5 - t So 
[0 0 5 1 ] wWMW^^-mM (MM-b'i') rtlcgBfi 

• /vwuift?^f7V7f, ^-7 7/11 

So 

[0052] E6 \z%imm2^foirz> mmm<» ^ 

□ T'fcSo 

[0 0 5 3] E]6i'fc^T, 3 1 {±3t«***Si: LTCO 
7 * b ^- H\ 3 2 (4ttW^— K (ft^S^- K) 

(jii^T>72) , 3 4 tetrad- K (its 

p l/y^- K) W§]#x.M0SM h 5 ^v^x ^ (■=&— K 

©SWMOSS h7V-^^ 3 6 i47t«^MPiiS'f« * 

(UtyF^yf) , 3 7 ttW^fll -t^TfeSo Ml 
(7>iti|iIM0Si|J h 7 >i7'X^cO-y--f XftW=l/xm, L=lMmi: 
-4 So H2O*itlM0SS h 7Vy^?®W X§tW=10m 
m, L=10Atmt-4So 
[0 0 5 4] KjRW-eH, 7 * h 94 yt- VXK'l. Ltc 

[0055] mm , «» m±w) mwm 
m\n m^-x(D % mmmn i' * * t s w^r ro*^ a* <fo 

„"/--rS, 

[0056] (ttH^- k) png-a-ft^-rs^* h^'V 

K^CfcV^T, Tfc^fijc^-t y TQr ?r7 t h^-f K 
gfS<7>«;»C^««L, «E^aE»-f-5#^, 
y Tll4S7tfI^«J±V,. ;1, 
Vp = Qp /C • • • • (1) 
i/£S« 7* ^~ K^y-tr-y h + Sffii'^^S 

y-try hy^X7)SfcS„ -ti(47yy-'^/^ Xi: LT^ 
^tlSo y-fey h / ^ <\ ; 1 . 
Vn = J- (kT 0 • • • • ( 2 ) 

(k : tfVV-y-v T : (K) ) 

ir/iSo S/NJtl4, 
• • • • (3) 

rrT% Gtt7-^7to y-WflJ#, Cos i4Ill*T> 
7 .') *'t'. i : f VyV, Q P (40,, s $ 4 f:f:( v-uv'Tf 1" 
So m1 irl.fy-'.Iii'.-TO 5-'-7t AV;:>y.i . -:t.!X *W/ 

ft S o PI Cit-^a^Q^M L A V& # < 1r S fc ft t-(4, 
y _^ 7 ^ a y lJ#G(4ii^0. 7-0. 9mS t (5 i A/ 
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irgMfcLftv^(D-C, 'iX'.Hv £®7Xh£<X-5o 
[0 0 5 9] ***®ffi»ftiii^- K K) 

-en*- R^#x^ 7^ (0 2 <DM 3) £off1 2> l ' 

(d i*)7 f i- V f K > »l<&*B*BliOSl! : - v> XX7 
(iii,i4;r>7i; tfjffiteSft*. 
if / ... j. Y vj - - K<oSS-&«*C» (El 2 roc 1 ) iHl 
:/)tf|*,v;\los' H ! h 7 ^Xx ^ (i®*7 7 7°1) icfF*.X3§ 
SCi (H 2 roc 2) ro-g-f&^it&So gjH*-K (iBi 

<ss*-K) xmmmmznz>tzm~, 
a— mmz±z <kzt tic™ *s^c# < 4 •? 

Sif7^^ (HStTVXl) ',X:XXX • 'l (0 2 
roc 2) fePH*fc*/h£l:i:tt5 ^^•■a'i"^. XX 
Yf! t !;it, fgiroigfolMOSM K7 7XX7 (ffljSTVXl) 

roiif«tc<S#-t"5ro-e\ &/>h£&DHii&5<£ 9t-X 

[ooeo] (tfuhi®*- k) #«£*»-*are# 

Q„ = Vr • C • • • • ( 1 ) 

ziz < x s t liwiiH' fc&sios c-c x $ < x 

a^S^fc-So 4xi,'-Hji-rrt. rro^c^vv^-girro^-^ 
BflifcflKSiJjfflRttl*, »ihffi^— ^:|jro;c:HMn:«ro:ri 
2roii*iM0SM h7^XX7 (ffl«T7X2) frKtt, n 
ro ^y yy^^oyp;-±mm^WmMtt LTfiJfflXS= 
[0 0 6 1] JXcMOSM h7 Vv^X^i'ttl/fy-Y X 

(7 y y * • j 4 x) ^jfty -Y xv/ttT. l-^X < . m 

l±7y ^ y 4 XT'fe 9,7^ f^5^H 
Hft&£ X^Xtgfilft^miOSS 1-7 VXX7 

ro^-tX^fi&L, ^-^^♦gSrWt-fSi:, i^y-fx: 
ji/- (l/w) fctfcflIU i/fy^XfiL-wi~RJtWX5 
ro -cmos?I h 7 v x ^ ro y 4 X& X £ < X6 S-J4X ^ 
^fi-L&fiyJX L v ^-vX/M'gw£X£ < IX/tXHI4*J: 
Wi'Tv^^y^X'Hit/iSTyXi trroy-77 
tny < ft 5 l/f / xji, 
- Kt?r±#t-fflH £ * 3<= »H*- K-eiSGiR* tiSi 
■5 tcisffStiXcinrot^MMOsl! h7 (iH*7 y 

XI) *#JhB*- KTftffl U X7'X X 5'/?^ 
fflro^#v^W»*Pf*rt^S'J^iS(t^«igTi±, ' 

ro®*T^xroi/f y 4 Xd?7c# < PJSfxSfXif 
.. : i. j- . --frmmwmuimm/u 4 x mm t 

^--eftihB*- Kfflro;X£^ffi»rofg2ro 
Jt*lM0SSh7V^x^ (PI*ryX2) SrRtt, ZlftS: 

«5t^X^)o ^ihB*- KTttfiy -f XpjiiT^X^ft 
- i.in.i^i,:] » , ^ibl'rro h7^^o# 
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^*^ffil:H*- Kro^«S*t LT^fflX5' fe 

/aX-t t; 7^ ^y>s$:M%tz>z. t^-e#5 0 
[0 0 6 2] $^i^***^ffi-e«;, *R^lci/fy^ 
xyy;/j^^PMos® h7>X774-y-^7^-D , 7i: lt 

spjffl L X v > 5 o X v) NMOSM h 7 > X x 7 HJt^l 

/iomSroX£ $f-fi«T'# 5o */c*BWX/£5S1t 

£X«tt!^« Xffl ^ S «X- -> V X u - ^ £S «5 & 
(tXX^^eg h 7>X * (' Sfc5 0 PMOSM h 7 >x 
X 7 ilNMOSS h 7 V X X 7 '<x,m»xtt^r*v ^ ( y 

io -y«^*p. Mitvth-»/x>4H^ roT^b^&ii 
-efc&o 

[0 0 6 3] *^ii£^«iroa*iHiK-e-(±$5i*x^ y ^ti 

aa»t-r, 7^ hx^x- Ki*t*a h7>xx7rox- h 

j4*V^-C?3t«**SlSK> "fe y l-"¥i*kTry f X7jS|§4 

1 •/,.•)■;, :w;^x»it6fc»l'. ^lX>xy> 
[0 0 6 4] E«fflroxlfS^SR-ei4, H*ro±^ $ 

ft, 50^mn~200AimDSaf^t<"CJ;V^-e, W« 
20 -fe/K^lCft^*— K(CJ^C/c2fflroigi|ilM0S h 7>X? 

^g£g l t fc x # v n n q m * mmx 1 5 . 
[0065] *mmmx&is7 h u^^zzmmmm 

7H/^^;3f:i ^7 h uXx^SifSii^^^xtS 
-^^IHM?X$5iiX2)XXXffl^6nTV^„ v7 hi/Xx 
7 t LTX77y 7? ->7 h Uv : x7^ffl^So ."HffiH'J 
(ciix 7 r y 7 y Sl±X*Siro*#SrW:««jSJ-t t < < - 

7)s-e-^5„ x-;'7 * v • 1- xi->7 h>> Ay-v;iii> 
30 n (ixIS X y - X^3i 5 - ro/> <c < , if «tt |pJ x l t- 

[0066] ^mmnmiimm^t Lxammmm 

T-Srffl^TV^roT'^**^^ / >^< , XteroliftgS 

* «)tX 5 *§-a-S^»ilT* *> S . 
[0 0 6 7] /j;*3^t*Xrt^^^X7V7X$r^^ n 

tj> ro ftftffe * iF- -C ro ft^ 4- ¥• < X a * T? fc 5 . 
[0 0 6 8] *fc»1»X/J^X^§^XIrSttiLT^ 

M®m-hz>o ^x^nm-nmm^rvf^m^^ 

40 :- ■■,:.X<; ffi^-roeiI«^tt«X5 r. t ffiXZ 5= S 
p3tc9tt:rot|{f *T-f4, ^iiroigllj/^x-eigSiT-^ ^ 
roTJliaro,|gfj/^^x|g^:[alSgt$BX/j:2>o X 

a«xj; 9 mwm^mmm^<D^mithx^ , 
[0069] (is (onmm) m 1 0 1 axis ^ <x ± s 
tro-efc^o xifa-ye 0 5 o-e^Lfcx^e 0 

6 0 5 6 0 6 1 £>jfcftj! 6 0 6 2?rS 

1U 09111*^54^^2 1, FOP 2 

50 2 , «it*x 2 3 , 2 5 *m z. &i&w4m 
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{fe&fte o 4 oi-.Aftr-i-/, ;»AWLfcxl!Hilf 
6 0 6 1 ro{*:rt§|SiOttf#aS'&*tb'CV'>5. XiiWAWic 
L T V > f" U - 9 \-m% b , -?-^ftH^>! :'>'V:V|r 

f /• /V 0 7 0 J: 9 

ftfiffii^xR *7V-T 6 0 8 0 fliT*^ 
[ 0 0 7 0] rrofl|«H:«K0«Sl6 0 9 0^»{e 

— A&ifx-r 6 0 8 1 \zM9h\> b< (iftxV * 

1 0 0 izX V 7 -i A'-k 6 110 \Z-W^t 5 - 
[ 0 0 7 1 ] &±KK Lfc J: 5 #38WHB&ffl£>x 

[0 0 7 2] 

(1) ^pj^rtl'HTO^^^-K^Cfcf-^X 20 
roH/j^iftHMOS h 7 y^**^<Ddf KfJ 

(2) ±8aa**^i"5*fto^*^Elli-5 - 

[0 0 7 3] (3) L^5(VPiR).^m>; ]'• 7;i. M 30 

T\ i/f / x*fliftiji-5 r. t > WB^- Y<r>m 
[Slffiroffi^'ilftM] 

[0 l ] i wlUte^ffioiiHft*^ colilf-feA- 40 

[0 2 ] >MSW0>85 2 ro^KSJgKfiroftifeSSiF ©B*-fe^ 

[El 3 ] #389] ©16 3 <D&WM1&<Dm.VtL$S¥<Dm* J t& 



(9) WW 2003-134396 

16 

[15] I14^®iJig[p]Ki:SiE->7 |- l •> x voijMv. 
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